A polymorphism in the promoter region of the serotonin transporter gene (5-HTTLPR) has been associated with anxiety-related personality traits in adults. Initial studies showed that the short allele was associated with higher neuroticism, anxiety and harm avoidance. However, most attempts to replicate these findings have been negative. Because the association of candidate polymorphisms with behavioral traits may vary with stage of development, we investigated the association using participants in a longitudinal study of childhood temperament. DNA was available for 660 children who had been assessed for temperament from 4-8 months to 15-16 years, and for behaviour problems from 3-4 years to 15-16 years. No significant associations were found at most ages. However, at ages 13-14 years and 15-16 years, the long/long genotype was associated with higher anxiety. These findings do not support an association of the short allele with anxiety-related traits in early life. Molecular Psychiatry (2000) 5, 542-547. Temperament is an individual difference characteristic of the child that reflects the preponderant style of behaviour, and includes the dimensions of activity, sociability, and the characteristic emotional responses.
Temperament is an individual difference characteristic of the child that reflects the preponderant style of behaviour, and includes the dimensions of activity, sociability, and the characteristic emotional responses. 1 Temperamental traits are often considered to be genetic or constitutional in origin and to show relative stability over time. Evidence for genetic influences on temperament comes from twin and adoption studies which indicate that the heritability of temperamental traits is generally in the range 0.4-0.6. 2, 3 There is also evidence of some stability over the first 8 years of life, with correlations in the range 0.7-0.8 after correction for error of measurement. 4 Although there has been considerable research in recent years searching for genetic polymorphisms associated with adult personality, there has been very little on childhood temperament which forms the roots of personality. To date, only one study has examined allelic associations with childhood temperament. This study began by examining temperament in 81 twoweek-old neonates using a neonatal assessment scale. 5 Two candidate polymorphisms were assessed, involving the dopamine D4 receptor gene (D4DR) and the promoter region of the serotonin transporter gene (5-HTTLPR). Long D4DR alleles were found to be associated with several behavioral clusters (orientation, motor organization, range of state and regulation of state), but 5-HTTLPR alleles were not. There was also a significant interaction between the two polymorphisms on orientation scores. The same infants were assessed later, at 2 months of age, using an infant behavior questionnaire. 6 Long D4DR alleles were associated with lower scores on Negative Emotionality and Distress to Limitations, while short 5-HRTLPR alleles were associated with higher scores on these variables. Again there was an interaction effect, such that Negative Emotionality and Distress to Limitations were greatest in infants with the short/short genotype of both genes.
In this paper we report further data on allelic associations with childhood temperament, focussing specifically on the 5-HTTLPR polymorphism. In addition to the positive findings with infants, 6 studies of adult personality suggest that this is a suitable candidate polymorphism for association studies of temperament. Lesch et al 7 have reported that in adults the short allele (which reduces transcriptional efficiency) was associated with higher neuroticism, harm avoidance and anxiety scores. Lesch et al found this association in both population and sib-pair samples. They estimated that the 5-HTTLPR polymorphism accounts for 3-4% of total variance in neuroticism and 7-9% of genetic variance. This exciting finding has stimulated numerous attempts at replication. Unfortunately, most subsequent studies have failed to replicate the original findings. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] There have also been a number of studies examining associations with anxiety and affective disorders. Most of these studies have also been negative, [20] [21] [22] [23] [24] [25] [26] [27] although one study found that the long allele was associated with obsessive-compulsive disorder. 28 On the basis of Lesch et al's 7 findings with adult personality and the findings with infant temperament, 6 we hypothesized associations of the serotonin transporter polymorphism with the temperamental trait of approach-withdrawal (shyness) and with behavior problems involving anxiety or depression. The trait of approach-withdrawal in childhood has been found to be a predictor of anxiety in adolescence. 29 Depression was investigated in addition to anxiety because of evidence from twin studies that anxiety and depression share common genetic influences. 30 We collected DNA from a sub-group of children participating in the Australian Temperament Project, a longitudinal study with behavioral data from 4-8 months to 15-16 years. The advantage of the longitudinal data is that it allowed us to assess allelic associations at various stages of development. Gene expression may vary at different stages of development, so that associations are found at some ages but not others. 31 The developmental stage of great interest for the emergence of new genetic effects is puberty. It is known that major changes in risk for depression occur during the early teens. In pre-teenage children, the prevalence of depression is low and boys tend to have a similar prevalence to girls. However, during the early teenage years the prevalence of depression rises sharply and girls begin to have a higher prevalence, possibly associated with menarche. 32 The genotype frequencies in this sample were: long/long 32.9%, long/short 50.3% and short/short 16.8%; and the allele frequencies were long 58.0% and short 42.0%. These are very similar to those reported by Lesch et al 7 and by another large Australian study.
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Race was not recorded for the children, but there were data on country of birth of each parent. Only one child had a parent who was likely to be non-European (born in India). Because earlier research from the Australian Temperament Project had shown small temperamental differences between children with northern and southern European ancestry, 33, 34 we compared genotype frequencies of the 66 children who had a least one parent from southern Europe with those whose parents were born in Australia or northern Europe. No significant difference was found. The long allele frequency was 50% in the southern European group compared to 59% in the remainder.
Although the Australian Temperament Project measured a broad range of temperament and behavior problem variables, in the analyses reported here we focussed specifically on those variables hypothesized to be related to the 5-HTTLPR polymorphism, namely the temperamental traits of approach-withdrawal (shyness) (measured from 4-8 months to 15-16 years), measures of anxiety (from 3-4 to 15-16 years) and of depression (from 11-12 to 15-16 years). Table 1 shows the mean scores for each genotype for boys and girls combined, while Table 2 shows the means where there were significant effects for boys or girls separately. The only significant effects for boys and girls combined were at 13-14 years and 15-16 years. Post-hoc tests indicated higher scores on anxiety-related scales for the long/long than for the long/short genotype. When boys and girls were considered separately, only one effect was significant, for boys at 7-8 years. At this age, boys with the long/short genotype were higher on anxiety-related scales.
Our findings are not consistent with those of Lesch Molecular Psychiatry et al 7 who found that adults with the short alleles had higher scores on anxiety-related traits. Nor are the results consistent with the finding that infants with the short/short genotype had higher scores on Negative Emotionality and Distress to Limitations. 6 The reason for this discrepancy is unclear. Although the size of the association could vary with age, it does not seem plausible that it could reverse. Interestingly, a previous study on obsessive-compulsive disorder also found an association with the long rather than the short allele. 28 It has also seemed puzzling that the original study of Lesch et al found individuals with reduced transcription to have higher anxiety, whereas the action of selective serotonin reuptake inhibitor antidepressants would appear to suggest the opposite should be the case.
The statistical power of the present study can be compared to the earlier studies of Lesch et al 7 and Auerbach et al. 6 Taking the waves on which the full sample was surveyed, the power to detect the effect observed by Lesch et al was 79-88% for boys and girls combined, 50-59% for boys alone and 46-56% for girls alone. The power to detect the effect observed by Auerbach et al was Ͼ99% for the boys and girls combined, 94-97% for boys and 91-96% for girls. Taking the waves where only two-thirds of the sample was surveyed (ages 1-2 and 2-3 years), the power to detect the effect observed by Lesch et al was 66-75% for boys and girls combined, 37-46% for boys alone and 36-42% for girls alone. The power to detect the effect observed by Auerbach et al was 98-99% for the boys and girls combined, 83-92% for boys and 82-88% for girls.
Because of missing data at each age, it was not feasible to carry out a MANOVA spanning all ages. However, in carrying out MANOVAs at each age, the study involves multiple statistical testing which could lead to Type I errors. If the conservative Bonferroni procedure was applied across all ages, then a P-value of 0.0045 would be required for study-wise statistical significance. Neither of the significant effects reached this level.
In population-based association studies such as this, population stratification can be an issue. However, we found no difference in genotype frequencies when the sample was divided according to northern and southern European ancestry. Some authorities would argue for the use of family controls to eliminate population stratification. We considered the possibility of also collecting parental DNA, but decided against it given the likely low response from fathers in this study. Moreover, we have argued previously that the issue of population stratification in general population samples is overblown. 35 Longitudinal studies of children such as the Australian Temperament Project provide a valuable resource for allelic association studies. By collecting DNA from an existing cohort that has been followed for many years, it is possible to investigate associations at various stages of development. The tendency for associations to emerge in adolescence in the present There were no significant differences for girls. *P Ͻ 0.05. **P Ͻ 0.01. Note: LL = long/long; LS = long/short; STSC = Short Temperament Scale for Child; EAS = EAS Temperament Scale.
study illustrates the value of a developmental approach. We are currently analyzing a number of other polymorphisms, including those of the monoamine oxidase A, dopamine transporter, dopamine D3 receptor, catechol-O-methyltransferease, apolipoprotein E, mu-opioid receptor and estrogen receptor genes.
Methods

Sample
The Australian Temperament Project began in 1983 with 2443 infants from across Victoria. At the next two waves (1-2 years and 2-3 years) only two-thirds of the sample was surveyed. This reduced sample was used because the study was not originally planned to be longitudinal. However, from 3-4 years onwards the full 41 We have reported on sex differences in temperament which are statistically significant but numerically slight, from toddlerhood onwards. They are predominantly in the direction of more difficult temperament in boys. 42 To assess behavior problems, mothers completed the Behar Pre-school Behavior Questionnaire 43 at 3-4 years, the Rutter Problem Behaviour Questionnaire 44 at 5-6 through to 12-13 years, and the Revised Behaviour Problem Checklist (RBPC) 45 at 13-14 and 15-16 years. These instruments have published reliability and validity data. 46 They include questions tapping child fears and worries, fighting, impulsivity, attention problems, sadness, relations with peers, and the like; these factor into broad domains of internalizing and externalizing behavior problems. Teachers also completed the Rutter questionnaire at ages 5-6, 7-8 and 11-12 years. This covers parallel behavior problem domains to the parent questionnaire. Correlations between parent and teacher reports are generally in the 0.3-0.4 range. Stability of behavior problems is substantial from the age of 3 years. 47 The children self-completed the Rutter questionnaire at ages 11-12 and 12-13, the RBPC at 13-14 years and the Short Manifest Anxiety Scale 48 at 15-16 years. In the present analyses, we used the AnxiousFearful scales from the Behar and Rutter questionnaires and the Anxiety-Withdrawal scale of the RBPC.
Mothers reported on the child's depression using a scale based on DSM-III-R criteria for major depression 49 at 11-12 and 12-13 years, and teachers reported on it using the same measure at 11-12 years. The children self-reported on depression using the DSM-III-R scale at 11-12 and 12-13 years and the Angold and Costello depression questionnaire 50 at 13-14 and 15-16 years. Although survey data form the primary basis for categorization of children in this study, the temperament and psychological adjustment measures have been validated in a series of Australian Temperament Project studies including observational studies, reliability assessments, and psychiatric interviews with the child. 51, 52 Recent Australian Temperament Project research has demonstrated that behavior problems, as identified via rating scales completed by two or more informants (mother, teacher, child), are consistent with diagnoses made through diagnostic interviews with the child. 52 
DNA collection
Families who agreed to participate received a home visit from a research assistant who took cheek swabs from the child. The cheek swab involved brushing the inside of the cheek with a cotton bud for 30 s, with two cheek swabs being taken from each child.
Genotyping DNA was isolated using Qiagen (Hilden, Germany) QIAamp blood kits from buccal epithelial cells obtained using cotton swabs. PCR primers and conditions were as described by Heils et al. 53 PCR products were visualised by UV fluorescence following separation in 2.5% agarose gels and staining with ethidium bromide.
Statistical analysis
Differences in mean scale scores between the long/long, long/short and short/short genotypes were tested using multivariate analysis of variance (MANOVA). Because of missing data at various ages, it was not feasible to do a MANOVA involving all dependent variables. Instead, a separate MANOVA was carried out at each age (except for those ages where there was only one dependent variable). Where a MANOVA was significant at the P Ͻ 0.05 level (or where there was only one dependent variable), univariate analyses of variance were carried out, followed by post-hoc Scheffé tests if an analysis of variance was significant.
